We have analyzed an event on 14 February 2003 in which Cluster satellites and the CPMN ground magnetometer chain made simultaneous observations of a Pi 2 pulsation along the same meridian. Three of the four Cluster satellites were located outside the plasmasphere, while the other one was located within the plasmasphere. By combining the multipoint observations in space and the multipoint observations on the ground, we have obtained a detailed L-profile of the Pi 2 signatures, which has not been done in the past. In addition, we have used a method called Independent Component Analysis (ICA) to separate out other superposed waves with similar spectral components. The result shows that the wave phase of the Pi 2 was the same up to L ∼ 3.9 (corresponding to the plasmasphere), became earlier up to L ∼ 4.1 (corresponding to the plasmapause boundary layer), and showed a delaying tendency up to L ∼ 5.9 (corresponding to the plasmatrough). This systematic phase pattern, obtained for the first time by a combination of a ground magnetometer chain and multisatellites along a magnetic meridian with the aid of ICA, supports the interpretation that a Pi 2 signal propagated from a farther source and reached the plasmasphere.
Introduction
The Pi 2 pulsation is the transient wave phenomenon observed in space and on the ground at the start time of a magnetospheric substorm (e.g. Olson, 1999) or a pseudo-breakup (Hsu and McPherron, 2007) . Pi 2 has its period in the range of 40-150 s, typically has a damping-type waveform, and typically continues for a few minutes to ∼10 min.
There exist many publications as regards the source region and propagation of Pi 2. Among them, Uozumi et al. (2004 Uozumi et al. ( , 2007 statistically analyzed Pi 2's observed at high-latitude ground magnetometers belonging to the Circum-pan Pacific Magnetometer Network (CPMN) (Yumoto and the 210MM Magnetic Observation Group, 1996; Yumoto and the CPMN Group, 2001 ) to estimate the source region of Pi 2 to be located in space at 9 Re (from the geocenter) and 22.5 MLT; they assumed that Pi 2 propagated as fast-mode and Alfven waves from the source region down to the ground high latitudes, and made model calculations that best-matched the observed time lags among the ground stations they used. Chi et al. (2009) analyzed four Pi 2's observed at a meridian chain of ground magnetometers located at 300-330 • magnetic longitudes in the north-American continent. For each Pi 2, they fit their Pi 2-propagation model to estimate the onset position; as a result, they obtained X ∼ −20R E .
On the other hand at low latitudes on the ground, it is well known that ground magnetometers observe Pi 2 waves simultaneously and in-phase; this led researchers to think that the inner magnetosphere oscillates as a whole, and they called this type of oscillation the cavity mode (e.g. Yeomen and Orr, 1989; Sutcliffe and Yumoto, 1991) .
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There remain arguments about the outer boundary of the cavity mode oscillation, but a popular idea is that the plasmapause is the outer boundary: Takahashi et al. (2003) performed a detailed statistical analysis of the magnetic and electric field data from the CRRES satellite, and concluded that the node of the cavity mode is located near the plasmapause.
The above-cited source region of Pi 2 is located outside the plasmasphere; thus, a question has been how the cavity mode is excited by the outside source. A scenario has been that an impulse from the source region propagates inward and hits the magnetospheric cavity (e.g. Yeoman and Orr, 1989) . However, the actual process of this hitting was not observed well in space in the 20th century, because a single satellite was not good enough to separate out the temporal effects from the spatial effects near the plasmapause. The 2000 launch of Cluster, consisting of four identical satellites , provided for the first time in history chances for simultaneously observing the region near the plasmapause by multiple satellites. Collier et al. (2006) were the first to analyze a case in which Cluster satellites were located near the plasmapause during a Pi 2 event; three of the four satellites were located within the plasmasphere (CL1, CL2, and CL4 at L = 4.7, 4.5, and 4.6) while the fourth (CL3 at L = 6.6) was located at or just outside the plasmapause. As a result of the analysis they found in the data of the three satellites in the plasmasphere evidence for the standing wave in both the radial and fieldaligned directions, strongly indicative of the cavity mode. On the other hand, the magnetic field perturbation observed at CL3 preceded the activity at the other three satellites (located within the plasmasphere), which may be attributed to the time interval required for inward radial propagation of the Pi 2 signal; though, they also stated that the perturbation at CL3 was highly irregular, quite distinct from those at the other three satellites. They stated that one cannot exclude the possibility that the Pi 2 event at CL3 was masked by other waves with similar spectral content.
In this paper we have also found a Pi 2 event for which Cluster satellites were located near the plasmapause; we also analyze data from the four Cluster satellites. In addition, as a new feature of this paper, we also use simultaneously obtained data at a ground magnetometer chain: the Cluster magnetic footprints were located close (in longitude) to the meridian of the ground magnetometers at the time of the Pi 2 event, and thus, by field-aligned mapping the Cluster data to the ground and analysing them along with the data from the ground magnetometer chain, we will be able to understand the L dependence of the event in a systematic manner. Also, we will use a method called Independent Component Analysis (ICA) to separate out other waves with similar spectral content.
Data

Cluster spacecraft
Cluster consists of four identical satellites, which were launched in 2000 ). The four satellites were kept close to each other in space. The orbital planes of the satellites were also close to each other and the normal vectors of the orbital planes were fairly perpendicular to the earth's axis. At the launch, the geocentric distances of the apogees (perigees) of the Cluster spacecraft were ∼ 20(∼ 4)R E ; these small perigees enabled Cluster to sometimes enter the plasmasphere, and the event of this paper is such an example.
In this paper we show the magnetic field data measured by the FGM instrument (Balogh et al., 2001 ) and the spacecraft potential data measured by the EFW instrument (Gustafsson et al., 1997) , both on board the Cluster spacecraft. The data were retrieved from the Cluster Active Archive (http://caa. estec.esa.int/caa/) with time resolution of 0.2 s (4 s) for the magnetic field data (spacecraft potential data).
For the magnetic field data analysis of Pi 2 waves, we will use mean-field-aligned (MFA) coordinates (e.g. Takahashi et al., 2001; Collier et al., 2006) . In this system, e z is in the direction of the mean magnetic field, which is defined by 150-s moving averages of the 0.2-s magnetic field data; e y , is parallel to e z ×r, where r is the vector from the geocenter to the satellite; and e x is set so as to complete the (e x , e y , e z ) triad. Finally, the 0.2-s data in MFA coordinates are averaged over 3sec and will be used for the Pi 2 analysis of this paper.
CPMN ground magnetometers
For comparisons with the above-stated Cluster data, we use simultaneously observed ground magnetometer data from the Circum-pan Pacific Magnetometer Network (CPMN) (Yumoto and the 210MM Magnetic Observation Group, 1996; Yumoto and the CPMN Group, 2001) , mainly run by the Space Environment Research Center (SERC), Kyushu University, Japan. We use 3-s H -component data from CPMN stations along the 210 • magnetic meridian (MM). The locations of the stations are listed in Table 1 . For each ground station, the table shows its geographic (GEO) coordinates, AACGM (Baker and Wing, 1989) coordinates, and L-value calculated by using the equation L = 1/(cosλ) 2 where λ refers to the AACGM latitude. Table 1 also shows the location information of the four Cluster satellites. Figure 1 shows the orbits of the Cluster satellites for the interval 13:00-15:00 UT on 14 February 2003, in GSE coordinates. As stated below, the Pi 2 of this paper took place around 14:02:02 UT; at this time, the Cluster satellites were located on the nightside and were flying near their perigees. Table 1 also shows the location of its footprint, field-aligned traced by using the Tsyganenko 96 (T96) model (Tsyganenko, 1996) . The Lvalue of the Cluster footprint, shown in the table, is calculated by using the equation L = 1/(cosλ) 2 where λ refers to the AACGM latitude of the footprint. The T96 model parameters are set as follows: DP = 3.4 nPa, Dst = −3 nT, IMF B y = 8.7 nT, and IMF B z = −0.7 nT; these values were measured by the ACE spacecraft (http://www.srl.caltech.edu/ ACE/ASC/index.html) except that Dst originally came from NSSDC Kyoto (http://wdc.kugi.kyoto-u.ac.jp/). In more detail, since the magnetosphere responds relatively gradually to changes in these parameters, we have used OMNI hourly averages of these quantities available on CDAWeb (http://cdaweb.gsfc.nasa.gov/); we have averaged the data corresponding to two intervals 13:00-14:00 UT and 14:00-15:00 UT (in OMNI data, the propagation lag from ACE to the magnetosphere is already taken into account). We note in Table 1 that the footprints of the Cluster satellites are close to the CPMN stations in longitude (see AACGM long). Figure 2 shows the negative of the spacecraft potential (SP − below) measured by the EFW experiment on board the Cluster spacecraft. The SP − positively correlates with the plasma density around the spacecraft (lower SP − corresponds to lower density) (Pedersen et al., 2008) . However, when the Active Spacecraft Potential Control (ASPOC) ion emitter (Torkar et al., 2001 ) on board Cluster is activated, the . Figure 2 shows that, for all the four satellites, the SP − 's were large near the beginning and the end of the time interval of the figure; for these intervals the satellites were located within the magnetosheath-solar wind. Next to these magnetosheath-solar wind intervals, the satellites were located within the tail lobe-polar cap, thus the SP − 's were much smaller.
Data analysis
Near the centre of Fig. 2 , the SP − 's were large for all the satellites; for these intervals the satellites were located within the plasmasheet-plasmasphere. In particular, the rectangular bumps (∼13:10 UT for CL1, 13:00-13:40 UT for CL2, 13:50-14:25 UT for CL3, and 13:10-14:00 UT for CL4) likely correspond to the entries of the satellites into the plasmasphere when they were near their perigees; this interpretation is consistent with the region information we can obtain from the quick-look energy-time ion spectrograms from the CIS instrument onboard Cluster (Rème et al., 2001 ) (not shown here) (The quicklooks are found at http://cluster.cesr. fr:8000/public/spectro/index.php?vue=SCI).
The vertical line in Fig. 2 marks the Pi 2 onset time (14:02:02 UT; discussed below by using Fig. 3 ). At this Pi 2 onset time, CL1, CL2, and CL4 were located outside the plasmasphere while CL3 was located inside the plasmasphere, as shown by the above-mentioned bumps. Figure 3 is an overview plot of the ground Pi 2 signatures; shown are the H -component data from the CPMN stations listed in Table 1 , bandpass filtered with the Pi 2 period range Table 1 for their locations. The vertical line is drawn at the onset time of the Pi 2 analyzed in this paper (14:02:02 UT). See the text for more details.
(40-150 s). The Pi 2 onset time, 14:02:02 UT, determined by visual inspection of the GAM data, is shown by the vertical line. The Pi 2 signal is clearly identified at ZYK through ADL. Figure 4 shows the raw data plot of the H -component magnetometer data from the CPMN stations TIK and GAM. The vertical line marks the Pi 2 onset time (14:02:02 UT); at this time, a small but clear negative bay started at TIK (located at high latitudes; see Table 1) , and a small but identifiable positive bay started at GAM (located at low latitudes). We also note that LANL geosynchronous satellite 1994-084 (which was located at ∼23:36 LT at 14:02 UT) observed a signature of a low-energy particle injection (not shown here) (the 1994-084 data are available at CDAWeb: http://cdaweb.gsfc.nasa.gov/). Thus, we can say that this Pi 2 took place at the start time of a substorm. Figure 5 shows the bandpass-filtered (40-150 s) magnetic field data from the four Cluster satellites for the 10-min interval including the Pi 2 introduced above. The magnetic field vector is expressed in the MFA coordinates. Note that the vertical axis range is different from satellite to satellite, although it is the same for the three subpanels (showing B x , B y , and B z ) in each panel. From this figure one can see that B y is generally larger than B x and B z in amplitude, and that the waveforms looks different from satellite to satellite and from component to component.
To study the relation between such Cluster signatures and the CPMN ground signatures, we have first performed the correlation analysis, as follows. First, by visual inspection, we have selected the interval during which the Pi 2 in question was significant at all the four Cluster satellites. The resultant interval is 14:01:30-14:09:37 UT (Cluster data plots for this interval will be shown below); the number of 3-sresolution Cluster data in this interval is 163. We have then calculated the coherence between GAM H and CL B x , the coherence between GAM H and CL B y , and the coherence between GAM H and CL B z for each of the four Cluster satellites, for the interval 14:01:30-14:09:37 UT; here we are using the data from GAM, located near the magnetic equator, as the reference ground data. The coherence is calculated by using FFT, with a data window of 128 datapoints (i.e. 384 s) slided by every eight datapoints. From thus obtained results, we use the coherence at a period of 96 s, at which the GAM H data during the interval 14:01:30-14:09:37 UT had the maximum power.
Thus obtained coherence was larger than 0.6 for CL4 B y , CL3 B y , CL3 B x , CL1 B x , CL1 B y , and CL2 B y ; that is, these six components are regarded as significantly correlated with GAM H . (This threshold 0.6 is often used in Pi 2 studies; see, e.g. Takahashi et al., 1995 .) It is to be noted that, at all the four Cluster satellites, the B y component is significantly correlated with the ground H component. On the other hand, only two satellites show significant correlation in B x , and no satellite shows significant correlation in B z . In this paper we want to study the correlation between the ground stations and the four Cluster satellites, and for this purpose B x and B z are insufficient. Thus, in this paper we concentrate on B y . Figure 6 shows the bandpass-filtered data of CPMN ground H and Cluster B y , in the same time frame as that used for the above-stated coherence analysis (i.e. 14:01:30-14:09:37 UT), in the order of L. The vertical line is meant as a guide, and is plotted so as to run through a minimum at MGD-ADL. It is to be noted that CL3 B y is reversed in its sign; it is made so because only CL3 was in the Southern Hemisphere (Z MAG = −0.2 Re on 14:02 UT) while the other three Cluster satellites were in the Northern Hemisphere (Z MAG = 2.4, 1.9, and 1.2 for CL1, CL2, and CL4).
In Fig. 6 , the low-latitude stations (MGD-ADL) show coherent perturbations: this feature has frequently been reported in publication and has often been regarded as a manifestation of the cavity mode (e.g. Yumoto and the CPMN group, 2001; Takahashi et al., 2003) . It is to be noted that the plasmapause was located between CL4 and CL3 (see Fig. 2) ; thus, MGD-ADL are all likely to have been within the plasmasphere. On the other hand, the waveforms at higher latitudes look very different from those at low latitudes, which complicates further analysis. Here we expect that the higherlatitude data include signals similar to those at low latitudes, but superposed signals complicate the higher-latitude data; then, to extract the common part, we use the method called the Independent Component Analysis (ICA), which is explained below.
When signals having different characteristics are mixed, each signal is naturally regarded as being independent from the others. Thus, ICA uses a statistical-mathematics approach to separate out different signals included in a timeseries by maximizing the independence of each signal. ICA has been proven to be useful, for example, for cases in which one wants to separate out several speakers' voices when they speak at the same time (examples are found in the textbook by Hyvärinen et al., 2001) . As the computer algorithm of ICA, in this paper we use FastICA (Hyvärinen, 1999 ) the software of which is found at http://www.cis.hut.fi/projects/ ica/fastica/. FastICA uses the algorithm called "fixed-point algorithm" to maximize the independence of signals to be separated out. We also note that Tokunaga et al. (2007) applied FastICA to ground magnetometer data of a Pi 2 event for the first time in space physics. Figure 7 shows the result of applying ICA to the bandpassfiltered H -component data from the eight CPMN stations (as shown in Fig. 6 ) and bandpass-filtered B x , B y and B z from the four Cluster satellites (i.e. applying ICA to 8+3×4 = 20 timeseries) in the same time frame as that used for the abovestated coherence analysis (i.e. 14:01:30-14:09:37 UT). Here we are using two independent components (IC's) that well reproduce the waveforms of low-to mid-latitude ground H (ZYK-ADL); each of the two IC's (not shown) has a waveform similar to the observed Pi 2, and the phases of the two IC's are different from each other, so that the combination of the two IC's can express the time lag between different datasets (such as that between ZYK and MGD, which is clear in Fig. 6 ). It is to be noted that Fig. 7 shows only B y from the four Cluster satellites, even though ICA was also applied to B x and B z at once (in order to best extract the common feature in the available data with ICA). Superposed line segments pass through a minimum in each timeseries data. If we try to understand the observed phase pattern in terms of the Pi 2 propagation effect, we have to take into account the propagation time from Cluster to the ground along the magnetic field line. To calculate it, we use the procedure of Uozumi et al. (2000 Uozumi et al. ( , 2007 : we assume a cold plasma consisting of hydrogen ions and electrons, use the Tsyganenko 96 model for the magnetic field, use the model of Carpenter and Anderson (1992) for the equatorial plasma density, and use the power-law model for the field-aligned distribution of the plasma density n, i.e. n(r) = n eq (r/r eq ) −p , where r is the geocentric distance of any point on a field line, r eq is r on the equatorial plane, n eq is n there, and p is set to 3 (4) inside (outside) the plasmapause (Takahashi and Anderson, 1992) . By using these models we have calculated the Alfven velocity (V A ) distribution along the field line running through Cluster (CL1, CL2, CL3, or CL4), and then calculated the Alfven wave travel time from Cluster to the ground. Thus obtained travel times are 6.9 s, 5.4 s, 29.5 s, and 5.4 s for CL1, CL2, CL3, and CL4; these times are expected to be the time lag from the in-situ observation time at Cluster to the expected observation time at the ground footprint. If we apply this time shift to the Cluster data in Fig. 7 , the result is that shown in Fig. 8 . The time shift is small for CL1, CL2, and CL4, because they were located within the plasmatrough where V A is generally high; on the other hand the time shift is pretty large (about 30 s) for CL3 because CL3 was located within the plasmasphere where V A is lower. As a result of the time shift, the latitude dependence of the Pi 2 phase in Fig. 8 is more systematic than in Fig. 7 ; first let us recall that, as shown in Fig. 2, CL3 was within the plasmasphere while CL4 was outside the plasmapause. Then, Fig. 8 shows that the phase was almost constant within the plasmasphere, and that the phase was earlier just outside the plasmapause (CL4, CL2, and CHD). At larger L (CL1 and TIK) the phase was later. These features will be further discussed in the next section. 
Discussion and summary
For the Pi 2 event of this paper, only the B y (eastward) component showed perturbations coherent with the ground H -component perturbations at all the four Cluster satellites; because the purpose of this paper is to study the relations between simultaneous observations by Cluster multisatellites and multiple ground magnetometers, in this paper we have concentrated on the B y component.
One may think that the B x (radial) component in space should have a good correlation with the ground H -component for cavity mode-type perturbations; it is a topic of future research to identify the reason why it was not such for our event, but we note that Collier et al. (2006) reported another case of Pi 2 observed by Cluster, in which CL2 and CL4 within the plasmasphere observed significant oscillations in B y (see their Fig. 4) ; Collier et al. (2006) attributed this feature to coupling between the cavity mode and the toroidal mode, which could take place if the cavity mode had a non-zero azimuthal wave number. Perhaps our event also had a non-zero azimuthal wave number, and the big portion of the cavity mode wave energy was put into the oscillations in the azimuthal direction. Figure 9 visualizes the wave amplitudes shown in Figs. 7 and 8. The horizontal axis is the L-value and the vertical axis is the half of the maximum peak-to-peak amplitude shown in Figs. 7 and 8. Filled circles (labelled) correspond to Cluster, while the open squares (not labelled) correspond to the CPMN ground stations. Figure 9 shows that the ground magnetic field amplitude of Pi 2 increases with increasing latitude at high latitudes. This tendency is consistent with that reported in past reports (see, e.g. Fig. 4 of Yumoto and the CPMN Group, 2001) ; the large amplitude at high latitudes could be understood in terms of the Pi 2 wave source mapped to the auroral latitudes. On the other hand, if we look at Cluster, the Pi 2 amplitude at CL1 was about 10 times larger than that at ground low latitudes (i.e. ∼1 nT at GAM and BSV), the Pi 2 amplitudes at CL2 and CL4 were comparable to that at the ground low latitudes, and the Pi 2 amplitude at CL3 was about 1/10 of that at the ground low latitudes.
If we try to sort out these amplitudes at Cluster in terms of the above-stated latitude dependence of the amplitude, CL1 is consistent because the amplitude at CL1 (L = 5.80) was similar to that at the adjacent (in terms of the L value) higherlatitude station TIK (L = 5.93). On the other hand, the amplitudes at CL2, CL4 and CL3 (especially CL3) were smaller than those at the adjacent (in L) ground stations in the figure (i.e. CHD (L = 5.51) and ZYK (L = 3.94)), not apparently consistent with the above-stated latitude dependence. For CL4 and CL3, we think the small amplitudes were caused because CL4 and CL3 were located at low latitudes in space (16.90 • and −2.76 • in latitude; see Table 1 ). That is, if the observed Pi 2 was caused by fundamental mode-type oscillations of the field lines, then B y in space is expected to have been small near the equator which corresponded to the antinode of the field-line oscillations.
On the other hand, the small amplitude at CL2 (L = 4.91) about half of that at nearby ground station CHD (L = 5.51), is rather difficult to explain, because CL2 was located at 24.57 • in latitude in space (see Table 1 ), i.e. at pretty much high latitude. We note that CL2 shows the data for which the waveforms in Figs. 6 and 7 are the most different (that is, the wave amplitude in Fig. 6 is at maximum in the latter half of the time interval of the figure), and that the maximum amplitude at CL2 in Fig. 6 is comparable to that at CHD, which also shows a fairly large difference in the waveform between Figs. 6 and 7 so that its maximum amplitude in Fig. 7 is less than half of that in Fig. 6 . Our speculation here is that the area (in space) near CL2 and CHD (L ∼ 5) was associated with active wave-mode conversion from Pi 2 to some other type, so that the wave energy of Pi 2 was lost to some extent at CL2 and CHD.
We saw above that, by taking into account the field-aligned Alfven-wave travel time from Cluster to the ground (Fig. 8) , the latitude-phase relation of Pi 2 becomes more systematic than otherwise (Fig. 7) . From this we think that the data corresponding to the plasmatrough (CL4 (L = 4.10) and larger L) were caused by the earthward propagation of the Pi 2 signal. We also note that Uozumi et al. (2009) explained their observations of Pi 2's at TIK and CHD in terms of the Pi 2 wave propagation.
Past studies show that the source region of Pi 2 is usually field-aligned mapped to the ground more poleward than TIK (L = 5.93). Then, at first glance, the delay in the phase at CL1 and TIK from CHD-CL4 may appear to contradict with the interpretation in terms of the Pi 2 propagation; however, in fact it does not, as follows. Figure 1a of Uozumi et al. (2007) and Fig. 2a of Chi et al. (2009) illustrate how the Pi 2 signal propagates from the source region to the ground: for the L of CL1 and CHD, the travel path is such that the Pi 2 signal first propagates in the equatorial plasmasheet toward the Earth as the fast-mode wave, and when the signal reaches the field line running through the ground station, it is mode-converted from the fast mode to the Alfven mode and propagates along the field line toward the Earth. Figure 2b of Chi et al. (2009) illustrates that the Alfvenic field-aligned travel time decreases sharply with decreasing L; it is so because V A sharply increases with decreasing L in the trough (see, e.g. Fig. 1, top panel of Fujita et al., 2001 for illustration) . This is the reason why the Pi 2 signal in the mid-latitude trough reaches the ground faster than the Pi 2 signal in the higher-latitude trough. (It is to be noted that the majority of the Alfvenic field-aligned travel time is spent near the equatorial plasmasheet, because V A increases very quickly as the Alfven wave field-aligned propagates from the equator toward higher latitudes in space; see, e.g. Fig. 1 , bottom panel of Fujita et al. (2001) for illustration. This is the reason why the estimated field-aligned travel time is not significant for CL1, CL2, and CL4 in Fig. 8 ; these satellites were located off the equator.)
In Fig. 8 , the phase delay is less for TIK than for CL1, although a natural expectation is the opposite (as explained above). We think this happened due to azimuthal propagation of the Pi 2 signal with TIK located significantly westward of the other observation points (see Table 1 ). That is, at the event time, TIK was located at 22.6 LT while the other ground stations were located at 23.3-24.6 LT. If the Pi 2 source region of our event was near 22.5 MLT which is the statistical average for Pi 2 observed by CPMN (Uozumi et al., 2004) , it is expected that the eastward propagation of the Pi 2 signal from the source region made TIK observe the Pi 2 faster than the other stations. Similar azimuthal propagation effect was reported by Uozumi et al. (2004) .
In Fig. 8 , the monotonic delay in phase from CL4 to CL3 is likely to have been caused by the Pi 2 propagation in the plasmapause boundary layer where V A sharply decreases with decreasing L (see the region near L = 5 in Fig. 1 of Lee and Lysak, 1999 or in Fig. 1 (top) of Fujita et al., 2001 for illustration). The plasmasphere, including CL3 and the lower-latitude ground stations (MGD-ADL), was hit by this Pi 2 signal, and the cavity mode would have formed in the plasmasphere, as reported in many past papers. As expected at the beginning of this work, we could confirm this propagation and hitting process by the combination of the Cluster multisatellites in space and the CPMN ground magnetometer network, and with the aid of ICA to separate out other waves with spectral content similar to Pi 2.
Whether the signals observed at MGD-ADL (Fig. 8) correspond to the cavity-mode oscillation of the plasmasphere in response to the above-presented hitting process, or to the propagation process itself of the Pi 2 signal within the plasmasphere, leaves room for argument, since we have no other satellites within the plasmasphere; ground observation only is not necessarily sufficient to separate out field-aligned travel time from radial travel time of Pi 2. For example, Uozumi et al. (2000) statistically showed that Pi 2 signals propagating within the plasmasphere were observed earlier at smaller L on the ground (see their Fig. 3) , unlike the one shown in this paper, and successfully explained it by their model cited above. On the other hand for the event of this paper, the phase is very coherent within the plasmasphere, but it might also be explained with a propagation model with different model parameters.
As a multisatellite observation within the plasmasphere, Collier et al. (2006) presented a case in which CL1, CL2, and CL4 were located within the plasmasphere, and they found evidence for the cavity mode. Since their Pi 2 oscillated about three times in its wave packet while our Pi 2 (its common part identified by ICA) oscillated only about once (Fig. 6-8) , there may be an argument such a short wave is not enough to establish the standing oscillation of the cavity; however, we note Fujita et al. (2002) simulated a Pi 2 by inputting a single pulse in their simulation code, and they showed that the entire plasmasphere started to oscillate in the cavity mode very fast. Thus, the number of oscillations of Pi 2 may not be relevant for the establishment of a cavity wave. A reasonable extension of this earlier study by Collier et al. (2006) would be to analyze cases in which a Pi 2 is simultaneously monitored in the plasmasphere by a ground magnetometer chain and multisatellites along the same meridian, to distinguish the field-aligned travel time from the radial travel time with observations; it is a topic of future research.
